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METHOD FOR INTERCONNECTION BETWEEN TRANSFER DEVICES 
AND STORAGE CAPACITORS IN MEMORY CELLS AND DEVICE 

FORMED THEREBY 

BACKGROUND OF THE INVENTION 
5 1. TECHNICAL FIELD 

The present invention relates generally to the field of semi-conductor 
manufacturing and, more specifically, to a method for forming interconnections in 
memory cells. 

2. BACKGROUND ART 

1 0 The need to remain cost and performance competitive in the production of 

semiconductor devices has caused continually increasing device density in integrated 
circuits. To facilitate the increase in device density, new technologies are 
constantly needed to allow the feature size of these semiconductor devices to be 
reduced. 

1 5 The push for ever increasing device densities is particularly strong in 

Dynamic Random Access Memory (DRiJ^yQmarkets. Each DRAM cell consists of 
a transfer device, typically a MOStransistor, and a storage capacitor. Two types of 
storage capacitors are commonly used today, stack capacitors and trench 
capacitors. Trench capacitors increase capacitance by extending into the storage 

20 node deeply into the substrate. One particular area of concern in trench capacitor 
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DRAM technology is the connection between the trench storage capacitor and the » 
transfer device. 

Several different methods and structures have been used to provide 
connection between the transfer device and the trench storage capacitor. These 
5 structures have been generically referred to as "straps". 

One method for forming straps involves selectively growing silicon between 
the capacitor and the transfer device after the spacers on the gate conductor have 
been formed and the junctions implanted. Following this, salicide is formed, 
consuming the selective silicon to form a low resistence strap. This process has the 
10 advantage of not requiring extra mask steps for the strap, but it has the disadvantage 
of increasing word pitch because the passing word line cannot pass over the strap 
contact. 

Another method for forming straps involves photolithographic definition of 
an area to form the strap. In this method, after source-drain implantation, a thin 

1 5 layer of silicon nitride is deposited on the chip. A contact hole is defined 

photolithographically in the strap area as the trench top oxide is etched in each cell, 
exposing the doped trench polysilicon and the source-drain diffusion that are to be 
connected. A blanket layer of intrinsic polysilicon is then deposited, and the wafer 
is annealed to diffiise dopant up into the intrinsic polysilicon from the trench and 

20 difftision tops. The result is a doped polysilicon layer bridging the trench and the 
source-drain difftision. The remainmgTnffinsicpoiysilicon is then~removed by a 
selective wet etch, isolating the cells fi-om one another. One disadvantage of this 
process is that the selectivity of the wet etch must be carefiilly controlled. In 
particular, the wet etch must remove undoped polysilicon to avoid strap to strap 
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shorts, while the doped polysilicon must remain. Another disadvantage is that the 
strap is not self aligned to the trench and thus tight photolithographic alignment 
control is required to assure connection between the trench and the source-drain 
diffusion. 

5 Another method for connecting the storage capacitor to the transfer devices 

uses a "buried strap" . Buried straps are formed using outdiffusion from the sidewall 
of the storage capacitor in the silicon substrate. In particular, the portion of the oxide 
collar in the trench capacitor where the buried strap is to be formed is removed. 
Polysilicon is then blanket deposited in the place of the removed oxide collar. The 

1 0 wafer is then annealed, causing the dopant to outdiffuse from inside the trench 

capacitor and into the buried strap region. Thus, outdiffusion of the dopant from the 
storage capacitor polysilicon merges with the source-drain diffusion to complete the 
contact between the transfer device and the storage capacitor. To minimize the 
buried strap diffusion from affecting device characteristics, arsenic, which diffuses 

15 slowly is preferred as the n+type dopant in the trench polysilicon for the n-channel 
transfer device. 

Turning now to FIG. 22, a prior art merged isolation and node trench 
(MINT) DRAM cell using a buried strap is illustrated schematically. The cell 
includes a substrate 10 with a p-type well 12 formed at its top portion. At the upper 

20 surface of the p-type well 12 a transfer device 14 is formed that includes a control 
gate 16 that is responsive to a word access line of the DRAM array support circuits, 
not shown. Also at the upper surface is a passing word line 17, used to access 
adjacent devices not shown. The transfer device 14 couples data between bit line 
diffused n"^ region 18 and diffused n+ region 20 through the channel region formed 

25 in p-type well 12. A shallow trench isolation region 30 serves to isolate this device 
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from adjacent devices not shown. A deep trench 22 is formed into the substrate 10, 
with deep trench 22 adjacent to n^ region 20. A buried n^ plate 25 is diffused from 
the deep trench walls from a deposited and recessed arsenic doped glass. Inside 
deep trench 22 is formed the capacitor storage node comprising n^ type polysilicon 
5 electrode 24. The buried plate 25 is separated from the polysilicon electrode 24 by a 
thin dielectric layer. At the top of the storage trench 22 is a thick isolating collar 28 
which serves to prevent parasitic vertical device leakage. A portion of the thick 
isolating collar 28 is removed to allow n^ region 20 and the polysilicon storage 
node 24 to be comiected by a buried strap 11. Again, this buried strap 11 is formed 
10 by removing a portion of the isolating collar 28 between the polysilicon electrode 24 
and the n^ region 20. The cell is then amiealed, causing n^ dopant to diffuse from 
the polysilicon electrode 24 and into the adjacent substrate, forming buried strap 11. 

One problem with buried straps is that the method which forms the buried 
strap results in a buried strap which is deeper than the optimum depth of the n^ 
diffusion of the transfer device. The deeper buried strap degrades the sub threshold 
leakage of the adjacent transfer device. This results in unwanted loss of stored 
charge and shortening of the retention time. Therefore, to avoid the sub-threshold 
leakage problem, either the gate length must be designed longer than the minimum 
dimension, or the distance between the gate and the strap must be designed large 
20 enough to keep the buried strap away fi-om the device. Either of these solutions 
makes it almost impossible to effectively reduce the size of the DRAM cell. 

Thus, without an improved method and structure for connecting between 
storage capacitors and transfer devices, the density of memory devices will be limited. 



15 
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DISCLOSURE OF INVENTION 

Accordingly, the present invention provides unique structure for connectin g 
between a storage capacitor and a transferdeyic^ cell and a method for 

fabricating ih^^^^JTlhe preferred embodiment of the present invention forms a 
capacitor structure having a "lip" at its top on the side the comiection is to be made. 
To form the connection, dopant is diffused from the lower surface of the capacitor 
step and into the substrate, forming a surface strap to comiect between the storage 
capacitor and the transferdev^^ This surface strap has the advantage of being self 
aligned with the s^^^^T^tor and the transfer device, facilitating higher m_emory 
cell densities. The present invention can be used to form comiections between storage 
capacitors and memory cells in a wide variety of devices. 

The foregoing and other advantages and features of the invention will be 
apparent from the following more particular description of a preferred embodiment of 
the invention, as illustrated in the accompanying drawings. 
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BRIEF DESCRIPTION OF DRAWINGS 

The preferred exemplary embodiment of the present invention will hereinafter 
be described in conjunction with the appended drawings, where like designations 
denote like elements, and 

5 FIG. 1 is a flow diagram illustrating a preferred method in accordance with the 

present invention; 

FIGS. 2 -13 are schematic cross sections illustrating a first embodiment of the 
present invention; 

FIGS. 15-18 are schematic cross sections illustrating a second embodiment of 
10 the present invention; 

FIGS. 19-21 are schematic cross sections illustrating a third embodiment of 
the present invention; and 

FIG. 22 illustrates a prior art DRAM cell. 



BEST MODE FOR CARRYING OUT THE INVENTION 

The preferred embodiment of the present invention provides unique st 
for connecting between a storage capacitor and a transfer device in a memory 
a method for fabricating the same. The preferred embodiment of the present 
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invention forms capacitor structure having a "lip" at its top on the side the connection 
is to be made. To form the comiection, dopant is diffused from the lower surface of 
the capacitor lip and into the substrate, forming a surface strap to comiect between the 
storage capacitor and the transfer device. This surface strap has the advantage of 
5 being self aligned with the storage capacitor and the transfer device, facilitating 

higher memory cell densities. The present invention can be used to form connections 
between storage capacitors and memory cells in a wide variety of devices. 

Turning now to FIG. 1, a method 100 for forming a memory cell in 
accordance with the preferred embodiment is illustrated. The first step 101 is to 
10 prepare the wafer. This typically involves providing a p-type, single crystal silicon 
wafer, followed by a sacrificial oxide growth to remove surface defects. Additionally, 
before the sacrificial oxide is stripped, well and threshold tailoring implants can be 
made. 

The next step 102 is to build the gate stack. This preferably involves forming 
1 5 the gate dielectric, and depositing the gate conductor on top of the gate dielectric. For 
example, a thin layer of silicon dioxide can be grown on the wafer to provide the gate 
dielectric, and a layer of n+ doped polysilicon deposited on the gate dielectric to 
provide the gate conductor. 

The next step 104 in the preferred embodiment is to deposit additional layer(s) 
20 of insulator material on the gate conductor material. These layers preferably comprise 
a nitride film on the gate polysiUcon covered by a layer of silicon dioxide or boron 
doped silica glass (BSG). 
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Turning now to FIG. 2, a wafer portion 200 is illustrated having a gate oxide 
layer 202 a gate conductor layer 204, a nitride layer 206 and a silicon dioxide or BSG 
layer 208 formed on its top surface. In the preferred embodiment, the gate oxide layer 
202 has a thickness of approximately 7 nm, the gate conductor layer 204 has a 
5 thickness of approximately 100 rm. Additionally in the preferred embodiment, a 
silicon nitride layer 206 of approximately 200 mn is deposited on the gate polysihcon, 
followed by approximately 700 mn of chemical vapor deposited silicon dioxide or 
BSG 208. 

Returning to the method 100 illustrated in FIG. 1, the next step 106 is to form 
10 oversized capacitor openings in the gate structure materials and the insulator layers. 
In the preferred embodiment, these oversized capacitor openings are slightly larger 
than the desired size of the final trench capacitor opening. For example, the 
oversized capacitor openings can be .25F larger than desired size of the final trench 
capacitor, where F is the minimum feature size for the lithography system bemg used 
1 5 to fabricate the trench capacitor opening. 

The next step 108 in method 100 is to form sidewall spacers on the sidewalls 
of the oversized capacitor openings. These sidewall spacers are used as a mask to 
define the actual dimension of the trench capacitors. These sidewall spacers are 
preferably formed by conformally depositing a dielectric, such as silicon dioxide over 
20 wafer, and then directionally etching the dielectric until it is removed from the 

horizontal surfaces (such as the portion of the wafer exposed through the oversized 
capacitor openings). In the preferred embodiment, the sidewall spacers have a width 
of approximately 0.25F. 
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Turning now to FIG. 3, the wafer portion 200 is illustrated with oversized 
capacitor openings 302 formed in the gate structure, and sidewall spacers 304 fonned 



on 



the sidewalls of the oversized capacitor openings. 



The next step 1 10 is to form the capacitors in the wafer. This involves etching 
5 capacitor trenches, forming the capacitor dielectric and filling the capacitor trench 
with conductive material. Other processing at this time can include buried plate 
formation. In the preferred embodiment, the capacitor trenches are etched 
approximately 8 ^m deep using the top insulator layer and the sidewall spacers as a 
mask to define their dimensions. This step is preferably done using any etch process 
10 that is selective to the insulator layer and the sidewall spacer material. Turning now 
to FIG. 4, the wafer portion 200 is illustrated after capacitor trenches 402 have been 
formed using oxide layer 208 and sidewall spacers 304 as a mask to define their 
dimension. Additionally, buried plates 410 have been formed by depositing n-type 
doped glass into the trenches, recessing the doped glass, outdiffusing n-type dopant 
15 from the doped glass into the substrate, and stripping off the remaining doped glass. 
These buried plates 410 comprise the counter electrode of the capacitor. 

With the capacitor trenches etched, capacitor dielectric, such as a thin layers 
of silicon nitride and/or silicon dioxide are fomied on the walls of the capacitor 
trenches. In the preferred embodiment, the capacitor trenches are then filled with 
20 conductive material, herein generically referred to as capacitor fill material. In the 
preferred embodiment, the capacitor fill material comprises n+ polysilicon, but could 
also comprise other materials. After the capacitor fill material is deposited it is 
planarized to create an even surface with remaining insulator layer and remove the 
capacitor fill material from other portions of the wafer. 
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The .ex, step 112 is ,o recess the capacitor fill material, and form sidewall 
spacers on the exposed portion of the capacitor trench in the wafer and the capactor 
openings in the gate structure, and refill the capacitor trench. In the preferred 
embodiment, where the capacitor fill material comprises n. polysilicon, the fill 
5 materialcanberecessedusinganisot^picetchprocesssuchasplasmaetchtng. The 

sidewall spacers of approximately O.IF width are then formed by conformally 
depositing insulator material such as silicon dioxide, and then directionally etchtng 
the insulator material until it is removed ftom the horizontal surfaces. W.th the 
sidewall spacers formed, flte capacitor trench in the wafer and the oversized capactor 
,0 opening in the gate structu« are refilled wiU. n. polysilicon and planarized to the 
nitride surface. The sidewall spacers formed on the upper portion of the capactor 
trench in the wafer comprises insulator collars which are used to suppress parasmc 



15 



device 



leakage between the n+ diffusion and the n+ buried plate. In the most 



preferred embodiment, care should be taken to avoid over etching the insulator collars 
to avoid opening a contact between the sidewall of the capacitor and ti>e adjacent 
substrate. Some over etching is allowable, but it is generally prefer^d to keep the 
sidewall of the capacitor from contacting the adiacem substrate »y deeper than one 
half the depth of the adjacent source/drain of the transfer device. 

Turning now to FIG. 5, the wafer portion 200 is illustrated after the capacitor 
trench has been filled with polysilicon 502, .cessed, sidewall spacers 504 formed on 
the sidewalls of the exposed capacitor tenches, sidewall spacers 506 formed on the 
sidewall of the oversized capacitor openings, and the capacitor trench and oversized 
capacitor openings refilled with polysilicon 508. ^d planarized again to the mtnde 
layer 206 In the preferred embodiment, the polysilicon 508 will be used to form the 
25 surface st^p, and has a dopant level of approximately 5X10" to 5X10=' atoms/cm'. 



20 
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The next step 114 is U, p^tally recess capacitor fill material. This recess 
is preferably done parti^ly down the oversized capacitor opening, while leavrng some 
capacitor fill material in the oversized capacitor opening. Turning to FIG. 6, the 
wafer portion 200 is illustrated after the polysilicon 508 has been partially recessed. 
This process leaves capacitor fill material in the capacitor trench and a porUon of the 
fiU material extending as a lip 602 over an adjacem portion of the wafer top surface. 
U should be noted U,a, in the preferred embodiment, the bottom surface of hp 602 
comes in direct contact with the top surface of wafer 200. and is not insulated from 
U,e top surface of the wafer. In fte prcferr^i embodiment, dtc lip extends between 1 
and 200 nm over the surface of the wafer, and most preferably between 10 mn and 



10 nm 

50 nm. 



The next step 1 1 6 is to again fill the oversized capacitor opening with the an 
insulator material, such as silicon dioxide. This insulator material will be used to 
form a portion of the isolation strucn.^ between devices. Tuming to FIG. 7, the 
wafer portion 200 is illustrated after the recessed gate structure opening has been 
filled with insulator material 702 and planarized. 



The next step 1 18 is to etch isolation trenches. In the preferred embodiment, 
isolation between cells is shallow trench isolation (STI). In shallow trench 
isolation, the STI mask defines the active a^a of the cell, as illustrated in FIG. 14. In 
20 the preferred embodiment, the step of etching the trenches for the STI removes the 
upper portion of the capacitor fill material, including the lips 602, except where the 
surface strap is to be formed. Tuming now to FIG. 8, the wafer portion 200 rs 
illustrated with an isolation trench 802 formed between adjacent memory cells. The 
formation of the isolation trench 802 has removed a portion of the capacrtor fill 
material except where the surface strap is to be formed. It should be understood that 
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FIG. 8 is a cross section, only one "side" of the fill material top portion is shown as 
removed, but typically the fill material is also removed from the unseen sides of the 
capacitor by isolation trenches formed to between devices in the wordline direction. 
Thus, the capacitor fill material, including the lip 602, only remains on the side where 
5 the surface strap is to be formed. 

The next step 120 is to fill the isolation trenches with insulator material such 
as siHcon dioxide and planarize, removing the remaining material above the gate 
conductor. 

In an alternative method, the isolation trenches are etched before the oversized 
10 capacitor openings are filled with insulator material (step 116). In this method, the 
capacitor fill material is partially recessed, the isolation trenches are then etched, and 
then both features are filled and planarized at the same time. This alternative method 
has the advantage of less processing steps, but the disadvantage of greater difficulty 
as a resuh of having to pattern the photoresist over an uneven surface when defining 
15 the isolation trench area lithographically. The remaining nitride layer 206 is then 
stripped prior to depositing the wordline material. 

The next step 122 is to deposit wordline^^^ gate 
conductor, and covering the wordline material with a dielectric, such as silicon 
nitride. The wordline material can comprise any conductor, such as tungsten silicide, 
20 tungsten, etc. Turning to FIG. 9, the wafer portion 200 is illustrated with the isolation 
trenches 902 filled and planarized, wordline wiring material 904 deposited atop the 
isolation trenches and the remaining gate conductor material 204. 
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The next step 124 is to pattern the wordline/gates of the transfer devices. 
This is preferably done using an etch that is selective to the insulator material in the 
shallow trench isolation, typically silicon dioxide. Following that, sidewall spacers 
are formed on the exposed sidewalls. Turning now to FIG. 10, the wafer portion 200 
5 is illustrated after the wordline/gates have been patterned using selective etching. 
This patterning creates the wordline/gates of the transfer devices. In FIG. 10, four 
wordline/gates are illustrated, wordline/gates 1002, 1004, 1006 and 1008. At this 
cross section wordline/gates 1 006 and 1 008 are the passing wordlines, meaning they 
do not comiect to these devices, and instead connect to adjacent devices not shown. 
10 The passing wordline/gates 1006 and 1008 are isolated from the capacitors by shallow 
trench isolation 902. Wordline/gate 1004 is the transfer device gate for capacitor 
1010, and wordline/gate 1002 is the transfer device gate for an adjacent capacitor not 
shown. 

Because the preferred etch is selective to the STI material, the etch stops 
1 5 without substantially etching into the STI. 

Sidewall spacers 1012 are formed on the sidewalls of the wordline/gates. 
These are formed by conformally depositing and directionally etching an insulator 
material, such as silicon nitride. This same process forms sidewall spacers 1014 at 
the sidewall of the shallow trench isolation edge. In the preferred embodiment, the 
20 sidewall spacers are formed to have a width of approximately 0.15F. Silicon nitride 
is the preferred spacer material because this facilitates the formation of borderless 
bitline contacts, as will be described in greater detail later. The etch process that 
defines the sidewall spacers 1014 also removes any remaining gate oxide from 
between the wordline/gates 
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U should also be noted ,ha. in some cases it is desirable to form a shallower 
sou^e/dmin implant before formation of sidewall spacer 1012 to optimize the 
diffusion doping profile at the gate edge. 

The next step 126 is to pertonn the source/drain implants. In this application. 

5 the term so^e/drain is used to genetically refer to either or both sou^e and drarn 
regions of the transfer device. These source/drain implants can be of any surtab e 
dose and dopant type. Suitable dopants include phosphorous, arsenic, or boron for 
opposite polarity DRAM st^cture. Turning now to FIG. 11, wafer portion 200, s 
Ulnstrated with fte source/drain dopants 1 1 02 implanted into the substrate between 

,0 wordline/gates. Afterthe implants 1102 have been m^e, the next step 128 ,s to 
activate the implants. This is preferably done using an appropriate annealmg 
procedure to cause the implant dopants to diflhse to *eir correct depth. For example, 
hy using arapid Urermal anneal at approximately 1000" C -1100" C for 10 to 30 
seconds, or a furnace anneal at approximately 900" C for 10 to 20 minutes. 

,„ the preferred embodiment of the present invention, fte step of activating the 
^plants also forms the surface strap to connect the storage capacitor to the adjacent 
source/drain otthe corresponding transfer device. In particular, dopants from the 
remaining lip of capacitor fill material diffi^e into the underlying silicon substra|e. 
Because these dopants are diffusing from a,x,ve, their depth of diffusion is less than 
prior art buried straps which are formed by diffusing from their side. This results m 
less negative impact on short chamtel effects of the transfer device, and in part,cular. 
less resulting sub-Uireshold current. 

Turning now to FIG. 12. the wafer portion 200 is illustrated with after the 
source/drain implants have been activated, fonning the source/drains 1202 of the 
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,«„.fe, devices. As discussed above, in fte prefeted embodimen., ftis step also 
forms surface strap 1204 by dif&sing dopants from the lip 602 of the trench 
capacitor. Because these dopants are diflusing from the lip 602, their depth of 
diffusion is less than prior art buried straps which are formed by diffusing ftom the.r 
side, resulting in better device performance. 

1, also should be emphasized that the preferred embodiment method for 
forming the surface strap described above results in a surface strap which has the 
advantage of being self-aligned with the deep trench capacitor, as compared to prior 
art straps which are not self-aligned. 

With the source/drains and surfece straps created, the memory cells can be 
completed. Typically, this process involves the deposition and planarization of an 
insulation layer, such as silicon dioxide, and the creation of bitline contacts and the 
associated bitlines in the insulation layer, and other back-end-of-line processmg. 
Turning to FIG. 13, the wafer portion 200 is illustrated with a bitline 1302 contact 
formed within a silicon dioxide layer 1304. The bitline contact 1302 attaches 
between the gates of two transfer devices borderless to the wordlines. In the 
illustrated embodiment, the memory cell is arranged ustag a folded bit hne 
architecture, where adjacent memory cells share a bit line contact as illustrated. 

Turning to FIG. 14, a top view of wafer portion 200 is illustrated, including 
20 the surface sUaps 1204, the t^nch capacitors 1010, dte biUine contact 1302, the active 
wordlines 1002 and 1004, the passing wordlines 1006 and 1008. Also illustrated ,s 
the shallow trench isolation region 906. which defmes the active atea of the cell, and 
removes the lip 602 except where the surface strap is to be formed. 



15 
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Turning now to FIGS. 15-18, a second embodiment of the present invention is 
illustrated. In this second embodiment, the formed surface strap is used as the 
transfer device source or drain. This embodiment has several advantages, including 
the advantage of achieving a relatively longer channel length while maintaining 
5 overall device density. 

In this second embodiment, when the STI insulator material is deposited and 
planarized away, a layer of insulator material is left to cover the gate conductor 
material. Turning to FIG. 15, a wafer portion 1400 is illustrated where an insulator 
material layer 1402 was left covering the gate conductor layer 1404. This insulator 
10 material layer 1402 could have been deposited after formation of the shallow trench 
isolation 1406, or deposited earlier. 

The next step in the second embodiment is to etch a portion of insulator 
material layer away. Preferably, the insulator material layer is removed over the 
regions where the wordline/gates and the bit line contacts are formed, while leaving 

15 enough insulator material to prevent etching of the underlying polysilicon during the 
gate patterning, as will be described later. The size of the removed insulating layer 
1902 can be reduced to compensate for possible misalignment between masking 
steps. Turning now to FIG. 16, wafer portion 1400 is illustrated after a portion of the 
insulator layer 1402 has been etched away, exposing a portion of the gate conductor 

20 layer 1404. 

The next step in the second embodiment is to deposit a layer of wordline 
wiring material. This is comparable to step 122 discussed above. In this 
embodiment, the wordline material is isolated from underlying layers except where it 
contacts the underlying gate polysilicon through the openings etched above. On top 
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of the wordline material another insulator layer, such as silicon nitride is deposited. 
Turning now to FIG. 17, the wafer portion 1400 is illustrated with wordline wmng 
material 1602 and insulator layer 1604 formed atop the wafer. 

The next step is to pattern the wordlin^^ ^^^P 
5 is comparable to step 124 discussed with reference to first embodiment. Again, this 
etching is preferably done selective to the shallow trench isolation material and the 
remaining insulator material 1402 above the gate conductor material 1404. In 
particular, the remaining portions of insulator material 1402 that extend into the 
wordline/gates serve to prevent etching of the underlying polysilicon during 
10 patterning. This makes the gate polysilicon self aligned to surface strap of the 
preferred embodiment. In this embodiment the wordline/gates can be etched to 
provide a greater gate chamxel length. Following the patterning of the wordline/gates, 
fabrication can continue as in the first embodiment. The next major difference m this 
embodiment occurs when the source/drain implants are to be made. In the second 
1 5 embodiment, not all source/drain implants need to be made because the surface strap 
will be used to fimction as some of the source/drains. Thus, these source/drams will 
instead be created by diffiising from the capacitor fill material. 

Turning now to FIG. 1 8, the wafer portion 1400 is illustrated after the 
source/drain implants have been made and activation performed. Thus, the wafer 

20 portion 1400 includes a traditional source/drain 1702 and surface strap 1704, which 
also ftinctions as a source/drain. Again, the surface strap 1704 is preferably created 
during the activation step by dopant diffusing from the capacitor lip and into the 
underlying wafer substrate. The remaining portion of insulator material, herein 
illustrated as material 1402, serves to prevent etching of the underlying polysilicon 

25 during patterning and make the gate polysilicon self aligned to surface strap. 
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Thus. Uiis second embodiment of the presem invention combines the benefits 
of the first with the ability to further increase device channel length. 

Turning now to FIGS. 19-21, a third embodiment of the present invention is 
iUustrated. TWs third embodiment has the advanmge of being closer to convennonal 
device processing, and thus fewer changes to fabrication technologies are needed to 
implement this embodiment. 

,n this embodiment Ure wafer is first prepared and pad oxide grown. Then a 
mtride layer is CVD deposited, followed by a oxide layer being CVD deposited. 
Preferably, these layers are approximately 200 nm and 700 nm thick respecttvely. 
The capacitor trenches are then formed substarttially as formed in the first 
embodiment. This includes making openings in the nitride and oxide layers for each 
capacitor, with the openings being larger than the desired capacitor sizes by a 
predetermined amount. In parUcular, in the preferred embodiment, the trench 
capacitors openings are IF by 2F, where F is the minimum feature size for the 
lithography system, and the oversize openings in the nitride and oxide layers are 
created to be approximately 1.5F by 2.5F. 

Sidewall spacers are then formed on the sidewalls of the openings, and the 
cap^itor trenches are then etched with the sidewall spacers and oxide layer serving as 
n^sks The oxide layer and the sidewall spacers are then removed and the capactors 
20 and shallowtrench isolation formed as described with reference to the first 
embodiment. Turning nowto FIG. 19, awafer portion 1800 is illustrated after 
shallow trench isolation has been formed arrd the device planarized. The wafer 
portion includes trench capacitors 1S02. STI region 1804, pad oxide 1808, and the 
remaining portion of nitride layer 1806. 
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The next step in the third embodiment is to strip the remaining nitride layer 
and the underlying pad oxide. A sacrificial oxide of approximately 5 mn is then 
grown. Well implants and device threshold tailoring implants are then made. The 
sacrificial oxide is then stripped while leaving the majority of the STI. 

5 The next step is to form the gate stack. This involves first growing gate oxide. 

In the preferred embodiment, the gate oxide has a thickness of about 7 nm. Gate 
conductor and wordline wiring layers are then deposited. Again, the gate conductor 
preferably comprises approximately 100 mn of n+ polysilicon, and the wordline 
wiring layer preferably comprises approximately 50 mn of tungsten silicide. Of 

10 course a single layer of a single material could also serve as the gate conductor and 
wordline wiring layer. A layer of nitride, preferably with a thickness of about 200 mn 
is then deposited on the wordline wiring layer. Turning now to FIG. 20, wafer 
portion 1800 is illustrated after the gate oxide 1902, gate conductor 1904, and 
wordline wiring layer 1906, and nitride layer 1908 have been deposited. 

1 5 With-gate stack formed, the next step is to pattern the stack to form 

wordline/gates and make the source/drain implants for the transfer devices. Nitride 
spacers are then formed (preferably having a width of approximately O.IF) on the 
sidewalls of the wordline/gates and along the STI edges. The wafer portion is then 
am^ealed, causing the source/drain implants to become activated and causing dopants 

20 to diffiise from the lip of the storage capacitor into the substrate, forming the surface 
strap comiection between the storage capacitor and the transfer device. After this is 
formed, the remaining processing is completed as described above. Turning now to 
FIG. 21, the completed devices are illustrated. 
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Thus, the preferred embodiment of the present invention provides unique 
structure for connecting between a storage capacitor and a transfer device in a 
memory ceil and a method for fabricating the same. To form the comiection, dopant 
is diffused from the lower surface of the capacitor step and into the substrate, forming 
5 a surface strap to comiect between the storage capacitor and the transfer device. This 
surface strap has the advantage of being self aligned with the storage capacitor and 
the transfer device, facilitating higher memory cell densities. 

While the invention has been particularly shown and described with reference 
to an exemplary embodiment process to form MINT DRAM cells, those skilled in the 

10 art will recognized that the preferred methods can be used to form other types of 
memory cells, and that various changes in form and details may be made therein 
without departing from the spirit and scope of the invention. For example, instead of 
NMOS transfer devices with n+ polysilicon node conductors, PMOS transfer devices 
with p+ polysilicon node conductors could be used. For example, instead of using 

15 separate gate conductor and wordline materials, a single layer of conductor material 
could be used. As another example, it will also be understood by those skilled in the 
art that the invention is applicable to different isolation technologies, well and 
substrate technologies, dopant types, energies and species. It will also be understood 
that the spirit of the invention is applicable to other silicon-based technologies (e.g., 

20 BiCMOS, bipolar, silicon on insulator (SOI), silicon germanium (SiGe). 
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